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1 Project summary
The success of passenger railway systems depends on their ridership and thus the
population they serve. Policymakers usually aim to increase ridership by expanding
the network and services directly in terms of wider network coverage, lower travel time,
increased frequency, and more reliable services. An alternative mechanism to increase
ridership is to expose the existing system to more people. One approach to do this is
reconfiguring the station itself by adding extra entrance and exit gates to shorten the
walking distance from a trip’s origin or its final destination.
In mature urban areas, many railway stations were constructed in earlier eras and
the construction of new lines and stations is rare. Whether the station followed the land
development or the further development occurred around existing stations, the effect of
station layout (and pathways to a platform) on the accessibility in a specific network and
land use for pedestrians remains undocumented.
To bridge this gap, the effect of gate location on accessibility (for people walking to
and from trains) is considered in this study. Howmuch accessibility, and subsequently
ridership, changes by adding a new gate on the far-side of a station with only one gate is
estimated.
2 Process
To investigate the effect of an extra gate in a station, from 178 Sydney Train stations,
44 stations with a gate on only one end or side) are selected where a new gate on the
far-side of a station (or its platforms) is feasible to be constructed. Figure 1 marks the
stations which are remodeled in the network. We consider two cases: before the new
gate is added, and after. The new gate is most often established by adding a new exit via
constructing a footbridge and stairs (and/or lifts) to platforms.
*TransportLab, University of Sydney, School of Civil Engineering.
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Fig. 1. Sydney railway map
To illustrate how a new gate could be added to a station, Figure 2 depicts a schematic
of Erskineville Station’s proposed far-side gate and the extra links (stairs and bridges)
after the development. Before retrofit, the access to Erskineville station is only possible
through the northern part of the station (Erskineville Road) while after adding a new
far-side gate, the station would be accessible through the southern end as well.
Census and ridership data are collected from the latest version of Australia’s census
data available (2016) and from Transport for New South Wales’s Transport Performance
and Analytics unit (TPA) respectively.
3 Findings
Figure 3 demonstrates the walking isochrones in Sydney Trains Network at 5-, 10-, and
15-minute walk distances for each station as of 2016. Most of the central business district
(CBD) of Sydney is covered by City Circle stations’ catchment area. Moving from the
CBD towards the peripheral suburbs, the isochrone areas shrink due to the less dense
walking network and development. Also, it is clear that the Inner West suburbs have
better coverage in terms of access to stations than other suburban areas.
Figure 4a illustrates the result of the extended isochrones and the associated accessibility
measures for Erskineville Station. Adding people or jobs by extending the walking
catchment area at each train station does not guarantee that the train network as a
whole is now more accessible. As an example, the extended isochrone of station a
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Fig. 2. Erskineville Station: before and after development. Basemap from
OpenStreetMap.
may overlap station b’s catchment area. In other words, the extended isochrone may
cover opportunities already served by the other stations on the network. Therefore, this
research distinguishes between the added opportunities (population and jobs) locally
at each station and systematically to see the improvement of accessibility at a larger
scale. Figure 4b illustrates the result of the extended isochrones and the system-wide
accessibility.
Figure 5 illustrates the total improvement of accessibility for each station controlling
for overlapping catchment areas. The values show the total opportunities covered by the
extended isochrones that were not accessible to the network previously. The top station
in terms of added jobs and people is Bankstown in the south-western part of Sydney.
This potential improvement is because of first, the long distance between this station
and others; and second, the dense network and land use outside the existing catchment
area which enable the station to serve more opportunities than before. Other stations
like Villawood in the west, and Caringbah in the south follow the same trend and have
significant potential to attract more riders through an additional gate.
Developing the catchment area by retrofitting a station layout and adding a gate
should attract more people to use the train system. The entries and exits at each station
depend on the number of people or jobs in surrounding areas. By analysing the number
of tap-on and tap-off records for 178 stations, and population and jobs within 15-minute
walk at each station locally, four linear regression models are developed to predict the
added riders in each peak period.
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Fig. 3. Sydney Train Stations’ catchment area
Table 1 shows the number of current and predicted tap-on and tap-offs. Stations are
sorted by added riders. Stations such as Bankstown and Villawood would have larger
improvements in AM work trips and PM home trips. Erskineville and Newtown stations
would experience more trips at all peaks.
Some stations naturally benefit less from retrofitting. Cheltenham, Emu Plains, and
Mulgrave stations are good example of this. Therefore, by ranking stations in terms of
total added ridership, the retrofitting process and constructing a new gate, authorities
could prioritize the budget of network improvements.
Results indicate that ridership increases by 6% if all 44 stations are retrofitted. This
increase would be 10% for the top 10 ranked stations.
4 Recommendations
Results indicate that, stations with a single gate along their platforms (usually on one end
of them) have the potential to increase the accessibility to jobs and population by around
10% on average. Due to the walking network and land use characteristics, some stations
will benefit more significantly by retrofitting a new gate. Stations are ranked based on
their added ridership from existing (2016) population and job estimates, which can help
authorities to prioritize the development and allocating resources. Authorities will also of
course consider other factors, including the needs for lifts so that disabled persons can
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reach platforms, the age of existing infrastructure, the development potential around the
new gate, and the site-specific cost of construction.
An important point in this analysis is that it is based on existing land use. There is
developable and re-developable land which would present the potential of changing the
population and number of employees within isochrones that have not been accounted
for. So rankings of what stations to improve first might consider future potential land
development as well as converting existing residents and employees into transit riders
by expanding catchments.
Table 1. Additional Ridership by Station
Station name
Entries 06:00-10:00 Exits 06:00-10:00 Entries 15:00-19:00 Exits 15:00-19:00
RankBefore After Added Before After Added Before After Added Before After Added
Erskineville 1480 2012 532 360 766 406 510 899 389 1050 1815 765 1
Bankstown 3380 3846 466 1900 2132 232 2220 2442 222 3680 4350 670 2
Villawood 240 610 370 50 184 134 60 188 128 200 732 532 3
Newtown 3420 3641 221 1550 1844 294 2120 2402 282 4120 4438 318 4
Redfern 5050 5265 215 12460 12715 255 12030 12274 244 5750 6059 309 5
Burwood 6120 6336 216 3470 3629 159 4730 4882 152 6840 7151 311 6
Sydenham 2110 2289 179 1980 2157 177 2160 2329 169 1890 2148 258 7
Caringbah 1590 1773 183 630 785 155 670 818 148 1330 1593 263 8
Meadowbank 2500 2765 265 800 845 45 880 923 43 1840 2221 381 9
Penshurst 2100 2346 246 210 274 64 350 412 62 1570 1924 354 10
Macdonaldtown 660 784 124 370 575 205 400 597 197 620 798 178 11
Waitara 2070 2282 212 460 553 93 540 629 89 1690 1994 304 12
Arncliffe 1390 1660 270 180 191 11 360 371 11 1020 1408 388 13
Tempe 950 1185 235 310 351 41 340 379 39 780 1118 338 14
Liverpool 2780 2882 102 2530 2643 113 2580 2688 108 2960 3107 147 15
Summer Hill 2110 2242 132 390 456 66 640 703 63 1660 1850 190 16
Carramar 250 382 132 50 109 59 80 137 57 210 399 189 17
Campsie 3560 3696 136 900 950 50 1350 1398 48 3410 3606 196 18
Hornsby 6070 6154 84 2310 2403 93 2830 2920 90 5980 6100 120 19
Miranda 1250 1350 100 860 924 64 1020 1082 62 1440 1583 143 20
St Marys 2420 2526 106 800 853 53 860 911 51 2370 2522 152 21
Belmore 1480 1587 107 330 363 33 420 451 31 1280 1433 153 22
Canley Vale 1680 1783 103 160 192 32 250 280 30 1340 1489 149 23
Roseville 1690 1795 105 330 348 18 520 537 17 1320 1471 151 24
Lidcombe 5410 5456 46 1980 2040 60 2880 2937 57 5030 5096 66 25
Marrickville 2090 2115 25 560 644 84 820 901 81 1840 1876 36 26
Narwee 1220 1293 73 60 75 15 160 174 14 890 995 105 27
Beecroft 1410 1477 67 170 192 22 260 281 21 1160 1256 96 28
Birrong 680 754 74 120 130 10 130 139 9 530 636 106 29
Quakers Hill 2330 2402 72 370 380 10 430 440 10 1830 1934 104 30
Lindfield 2220 2274 54 370 382 12 570 581 11 1820 1897 77 31
Kingsgrove 1240 1291 51 510 518 8 620 628 8 1080 1153 73 32
Leumeah 1900 1949 49 110 120 10 170 180 10 1790 1860 70 33
Turrella 690 732 42 100 109 9 200 209 9 500 560 60 34
Bexley North 840 875 35 60 66 6 120 126 6 660 710 50 35
Minto 2100 2129 29 280 291 11 360 370 10 1930 1972 42 36
Merrylands 2710 2730 20 600 608 8 900 907 7 2560 2589 29 37
Padstow 2680 2699 19 380 387 7 510 516 6 2280 2308 28 38
Granville 2660 2670 10 1090 1098 8 1410 1417 7 2540 2554 14 39
Cheltenham 6590 6594 4 9470 9476 6 11310 11316 6 9690 9695 5 40
Riverwood 2730 2735 5 270 273 3 520 523 3 2240 2247 7 41
Turramurra 2770 2775 5 420 422 2 600 602 2 2350 2357 7 42
Emu Plains 1180 1182 2 120 124 4 140 143 3 1040 1043 3 43
Mulgrave 4500 4500 0 730 732 2 880 881 1 4370 4370 0 44
Total 104300 109823 5523 51160 54309 3149 60910 63923 3013 100480 108417 7937
Source: Current entries and exits estimated from Opal Card data from Transport for NSW. Added riders estimated by authors.
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Fig. 4. Access to Erskineville Station: Local and System-wide
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(b) Jobs
Fig. 5. Change in local accessibility of population and jobs to station controlling for people
served by other stations
7
